been used. However, a radio-frequency carrier can be used easily by replacing the l-kHz oscillator with a radiofrequency oscillator and by redesigning the peak detector only. The rest of the circuits will remain the same since the signals at these stages are of low (modulating) frequency.
VII. CONCLUSION A simple feedback scheme for controlling the amplitude of oscillators by means of a voltage has been described. The control is precise and linear. Two applications ofthe scheme have been considered; one in amplitude stabilization of oscillators and the other in generation of stabilized amplitude modulation. The experimental results agree closely with theoretical predictions.
In the examples discussed in the paper, the scheme stabilized the amplitude of oscillation against variations with respect to frequency. However the stabilization will remain effective against variation due to other parameters such as temperature, loading, etc. It should also be noted that the voltages VR1, VR2, and the gain A are the only parameters that may need adjustment as we move from one oscillator to another. Thus by providing terminals for VR1 and VR2 and a potentiometer control for A, the feedback part of the circuit can be mass produced and easily adapted to different oscillators. Finally [7] , and Otoshi and Stelzried [8] . Fig. 1 circulators. The transmission coefficients of the modified RVA are dependent on the transmission direction due to the circulators, i.e., To is substituted by TF and TR for forward and reverse transmission whereas a, ,B, El y, 6, C, and I are still independent of transmission direction. It is also seen from the scattering diagram that the important relations (1)- (4) apply for the modified RVA if T' is substituted by TF TR. Finally, the orders of magnitude of all the parameters are unchanged.
III. PROCEDURES FOR DETERMINATION OF MODEL PARAMETERS
A. Determination of a and ,B
The reflection parameters bR, bT, CR, and CT are ordinarily about 0.05 and give rise to a and , values of the order of The accuracy required for the reflection parameters bR, bT, CR, and CT iS rather easily obtained due to two important facts: 1) bR, bT, CR, and CT are all incremental reflection coefficients, i.e., differences between reflection coefficients measured at different angles of the RVA.
2) An arbitrary complex factor inserted anywhere outside the circulators will enter the expressions for bR, bT, CR, CT, TF, and TR in such a way that it cancels out in the expressions for ax and (3. This means that the well-known problem of accurate measurements of reflection phase as well as amplitude has been solved for this specific application without the need for disassembling and reassembling any part.
The In Section IV an analysis is given of the attenuation measurements presented in [3] .
C. Determination of 4 and q C and especially r are very small and often near the detection limit. Using (3) and (4) Table I ].
The results are corrected for -104-dB "antiphase leakage" (Re y in this paper) and for cyclic angular error due to their readout. In order to separate Re (a) and Re (/3) contributions to the attenuation the parameter (Aa/sin2 0) is plotted versus sin2 0 in Fig. 7 The magnitude of y is rather large and its real part varies considerably with frequency near the band edges. As y is found to be considerably smaller for another HP X382A
RVA it seems probable that neither 6 nor s34/S12 is responsible for y. In general, it is more likely that y for a well 4 This is because the reduction of these terms requires highly rotationally symmetric waveguides whereas can be adjusted to zero and S34/S12 can be made negligible by using a sufficiently long absorbing vane. This also explains why precision RVA's with sometimes much longer rotary sections do not necessarily exhibit smaller values of y [2] , [3] .
The V. CONCLUSION A model for the rotary vane attenuator has been set up. It has been the aim to take all terms into account which are above the detection limit under high-sensitivity and highstability conditions. All the measurements of reflection and transmission parameters are very well explained by the model. The small systematic errors of the high-precision attenuation measurements in [3] The scattering matrix ofthe RVA is calculated by combining the scattering matrices R, S, and T of the input stator section, the rotary section, and the output stator section of Fig. 10 by means of the rotation relations of Fig. 11 . From As an aid for setting up the series development the scattering diagram in Fig. 12 is used.' All terms which are assumed to be above the limit ofsensitivity are included. The series development contains a rather large number of terms which may be rearranged in the following way. --S13(r22 + r33)]} 1= T2 S2r2 r-T,2S,2(r22 -r33) 1 The scattering diagram method is described in Appendix II.
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[tl3SI2 + T12(S24 S13)1- The scattering matrix of a composite circuit can be calculated by combining the known scattering matrices for the components entering the circuit [9] . This method becomes very complex for large circuits when all elements have to be taken into account. The scattering diagram method [10] Connections between different components are represented by lines connected to the outer side of the ports. Arbitrary complex transmission factors may be written on these lines.
An element of the scattering matrix for the composite circuit can be calculated by summing up the infinite number of contributions from the different paths of signal flow.
The following rules for signal flow should be observed. 1) A signal traveling along a line is multiplied by the expression written on the line.
2) A signal reaching a port from one side can leave the port along any of the lines connected to the other side ofthe port.
3) All possible signal paths should be taken into account. If a path contains a loop which can be followed in both directions, the contributions of each should be taken into account.
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